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(54) Mettled for manufacturing diffraction grattngs and semiconductor laser 



(57) In exposing a diffraction grating pattem on a 
resist, tlie diffraction grating pattem is exposed via EB 
on an active region (35) and the adjacent thereto only 
and the region which is not exposed via EB is exposed 
via Deep UV light so that the resist may k>e left on the 
active region and the acfacerrt tiiereto only after the 
exposed resist Is developed aocording to the process of 
forming a cfiffraction grating for a distritxited feedl>ack 
semiconductor laser of the present invention. In addi- 
tion, the resist-coated area can l^e gradually reduced 
from the resist existing area to the non-resist existing 
area and the average height of the siJt)6lrate on which 
said diffraction grating is fbrmed can be gradually 
changed on the diffraction grating forming region and 
non-diffraction grating forming region which results In 
preventing the crystallinrty of a semiconductor layer on 
the suk)stFate from being deteriorated. This enables for- 
mation of an excellent cryslalllnity semiconduclor layer 
on tiie substrate on which the diffraction grating is 
locally formed. 
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Description 

DETAILED DESCRIPTION OF THE INVENTION 

Reld of the Invention s 

[0001 ] The present invention relates to a method for 
manufacturing a diffraction grating and a method for 
manufacturing a distrbuted feedback type semiconchic- 
tor laser. 10 

Background of the Invention 

[0002] Adopted as a method for manufacturing a 
diffraction grating on a semiconductor sitetrate Is fornv is 
ing a pattem directly on a resist via a direct patterning 
by means of the interference exposure or exposure via 
elecbic charge particles such as electrons and ions or 
forming a pattem on a resist by transfenring the pattem 
formed on a mask. Among other things, the drect pat- 20 
teming method via the electron beam exposure enat^les 
forming of the precise, f lex&le and minute cycle-control- 
led diffraction ^-ab'ng which results in being excellent In 
manufacturing a distributed feedback semiconductor 
laser compared to a metfxxl for exposure via the inter- 25 
ference exposure or a mask, but said method is inferior 
to the conventtonai method in terms of the throughput 
To eliminate the disadvantage as descried above, 
adopted is a method wherein when forming a diffraction 
grating by forming exposed pattems on a semiconduc- 30 
tor subsfrate via an electron beam exposure, said dif- 
fractfon grating is not formed on an entire surface of saki 
sut>strate but tfie electron beam patterning line 1 is 
locally fornned thereon by scanning and exposing elec- 
tron beams to a regkxi 20 to be the active region and as 
the acQacent thereto only as shown in Fig. 1. This 
irrproves the throughput by locally forming the diffrw- 
tion grating on the desired position of the substrate 4. 
The expoeed patterns in tNs process are shown in 

2. 40 

[D003] However, if a diffraction grating is formed by 
the m6ttK)d shewn m Fig. 1 and Rg. 2. the average 
height of a rblnP-substrate 4 in a diffraction gFatir)g 
forming regfon 5 is different from that of the nornfiffrao- 
tion grating 5a. This causes a stair difference on an epi- 45 
taxial growth layer at the interface portion 5b between 
the diffraction grating frxming region 5 and the non-dif- 
fraction grating forming region 5a If semiconductor lay- 
ers, ag. a n-lnGaAsP guide layer 8, a n-friP spacer 
layer 9, a n-lnGaAsP SCH layer 10, a strained multi- so 
(^jantum well (hereinafter refened to as "strained 
MQVT) active layer 11. an InGaAsP SCH layer 12 and 
p-lnP dad layer 13 are formed in their order on tiie n- 
InP-substrate 4 locally forming the diffraction grating in 
the (100) plane orientation. This slair difference portion ss 
causes ttie crystal growtii plane direction to be a high 
dimensional plane displaced from ttie (100) plane. The 
crystal growtii rate is ttius accelerated and the material 



g^ consumption increased at tiie interface portion 5b 
between the diffraction grating forming region 5 and the 
non<liffraction grating forming re^on Sa. This provides 
an advantage to have ttie material gas density diluted at 
the adjacent interface portion and causes the crystal 
growtti rate to be decreased. This also causes ttie com- 
position of ttie diffraction grating to be fluctuated and ttie 
cryslaOlnHy of ttie growtti layer is deteriorated due to ttie 
distorted sfr-ess resulted from ttie unaligned diffraction 
grating, ttie photo-luminescence half-wkftti ttius being 
increased as shown In Rg. 4. This crystallintty deterio- 
ration is resulted from ttiat it is greatty deteriorated at 
ttie interface portion 5b and worsened at the center por- 
tion of the diffraction grating forming regton 5 compared 
to that of the planar portioa 
[0004] A ^eat material gas density fluctuation at 
ttie interface portion 5b has an effect on ttie center por- 
tion of ttie diffraction grating 5 which resuHs fri havnig 
ttie crystal quality deteriorated compared to ttiat of ttie 
planar 9'owtti portion. Thus, this deteriorates ttie quality 
of ttie active layer portion of a semiconductor laser 
which leads to not only the worsening of semiconductor 
optical output characteristics but also the increase of 
ttie ttireshoM current as well as ttie eff foiency deteriora- 
tion. Furth^more. the crystallinity deterioration at the 
interface portion has an effect on ttie bfock structure in 
ttie case of DC-PBH-LD which results in increasing ttie 
ttireshoM cun-ent and lowering the efficiency. 
[0005] Also, ttie material gas density fluctuation not 
only inaeases the photo-luminescence halt-widtti due 
to ttie crystallinity deterioration of the growtti layer txjt 
also fluctuates ttie growtti layer composition as well as 
ttie photo-luminescence wavelengtti. This raises a prob- 
lem where ft is difficult to confrol ttie band gap energy of 
ttie growtti layer in addition to ttie strained MOW layer. 
[0006] If ttie diffraction grating forming region 5 is 
adequately spaced to avokl ttie problem as descrbed 
above, ttie tiiroughput during ttie electron beam expo- 
sure is lowered and ttie manufacturing cost is greatty 
fricreased. 

SUMh4ARY OF THE UWENTION 

IPOOT] It is an object of ttie present invention to pro- 
vkle a mettiod for manufacturing a diffraction grating 
and a mettiod for manufacturing a disfributed feedback 
type senvconductor laser. In which a high quality crystal 
^owtti layer can be fr>rmed on a diffraction grating 
which is locally fbrmed by an elecbon beam exposure 
method. 

[0008] Anottier object of the present invention is to 
form a strained MOW active layer wherein ttie band gap 
wavelengtti is not fluctuated on a planar portion and to 
manufacture a distributed feedback semkxxiductor 
laser witti ttie excellent tow ttireshold current character- 



[0009] A mettiod for manufacturing a diffraction 
grating according to ttie present invention is to locally 
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form the diffraction gating on a predetermined position achieve the objective as described above, 

of a semiconductor sitetrate including a process to [ooi 2] The method conprises a process to coat on 

coat a resist on an entire surface of the semiconductor an entire surface of a semiconductor substrate a posi- 

substrate; a process to make electron-beam lithography five resist to be exposed to both electron-beam and 

of a diffraction grating pattem comprising straight line 5 Deep UV light; a process to make electron-beam lithog- 

patterns to be redprocally disposed in parallel vwth the raphy of a diffraction grating pattem corrp-ising straight 

predetermined position of the resist and make a \oca\ ime patterns to be reciprocally in parallel with the prede- 

electron-beam exposure of said resist; a process to tennined position of said resist and make a local elec- 

develop said resist; and a process to etch the senicon- tron-beam exposure of said resist; a process to expose 

ductorsi4>strate using the devetoped resist as an etch- ro with Deep UV light the regfon other than the electron- 

ing mask wherein the resist used for the semk»nductor beam exposing region so that the interface between the 

substrate etching s all removed ther^rom except from Deep UV exposing regk3n and non-Deep UV exposing 

the diffractkxi grating forming regk)n. regfen may be in the fomn of convex and concave; a 

[001 (q It is preferable that the resist left on the dif- process to develop said resist so that said resist m^ be 

fraction grating forming region only by the devek}ping is left on a diffractkHi grating forming region only and 

process be formed so that the resist-coated area may removed from any region other tfian the diffraction giat- 

be recfajced as said resist is away from the diffractkm ing forming re^on; and a process to etch said semicon- 

grat^ forming re^oa More part»ularty, a contour of ductor sut)strate using sakJ developed resist as an 

the resist skie end portkm left on the diffractk>n grating etching mask wherein the interface between the Deep 

forming region only may preferably be in the form of 20 UV exposing regk>n and non-Deep UV exposing regon 

concave and convex, zigzag or sine functkxi. Accord- mayt)eintheformof azigzagorsinefunctioa 

ingly. if an etching mask pattem so designed as to have [0013] In addrtk>n to the foregoing method, 

the resist-coated area gadually and uniformly changed described befow is a method for manubcturing a diffrac- 

is used, the average height of the semkx)nduclor sut>- ifon grating comprising a process to coat on an entire 

strata resulted from forming a drffractfon grating via a 2s surface of a semKorxJuctor substrate a positive resist to 

wet etching method is not discontinuously changed but be exposed to both electron-beam and Deep UV light; a 

gradually changed in the diffractk)n grating forming process to nDake a kx»l electnHvbeam exposure of said 

region and non-diffraction grating fonning region. ITiis is resist to form on said resist a pattern t>y reciprocally cfis- 

because the wet elchant consumptkxi change is not posing in parallel on the predetenmined positfon of said 

steep at the interface therebetween. As described 30 resist a nuntoer of the predetermined length of the fret 

above, the gradual change of the average height of the straight patterning lines and the second straight pattern- 

sentconductor siiDStrate enables the semkx>nductor ing lines each of whfch is shorter than each of saki first 

layer in addition to the strained MQW layer formed ther- straight patterning lines and which are patterned 

eon to become the same high quality crystal layer as between saki first straight patterning lines and at both 

that formed on a planar 8emkx)nductor substrate. as ends thereof at several cyde intend per sakf first pat- 

[001 1] To fomi the drffracHon grating as descrbed teming lines; a process to expose with Deep UV light 

abov^ a diffractkxi grating pattern is exposed by an the regkKi other than the electrorhbeam exposing 

electron-beam exposure m^hod on the adjacent regkHi regfon so that the interface between the Deep UV 

to be an active layer only during the process of fonming escposihg region and non-Deep UV exposing regfon may 

a diffraction grating. Thereafter, the regfon whfoh is not 40 t>e in the form of a straight Kne; a process to develop 

exposed by the electron beam is preferably exposed by saki resist so that saki resist may be left on a diffraction 

a Deep UV nnethod and developed so that the resist gating forming regfon only and renrx>ved from any 

may be left on the adjacent active regfon only and the regfon other than the diffraction grating fomning region; 

resist-coated area can be gradually reduced from the and a process to etch saM semiconductor substrate 

resist coated regfon to the non-resist coated regfon. 46 using safodevefoped resist as an etching mask wherein 

Shown In Rg.2 is the exposure pattern generated dur- a diffraction grating is focally Ibnned on the predeter- 

ing the process of forming a diffraction grating of the mined position of sakJ semfoonductor suk>strate. 

present invention, for example, an exposure pattern is [0014] Unlike the method for manufacturing a dif- 

so structured that a diffraction gating pattem is formed fraction grating as descrft)ed atx>ve. the folfowing is a 

on a reg'on to be the active region and the adjacent so method for manufacturing same using a negative resist 

thereto by a WAVE (weighted-dose Alfocation for Varia- comprising a process to coat on an entire surface of a 

ble-pitch EB-corrugation) method and the region other semfoonductor substrate a negative resist to be 

than the diffraction grating forming regfon is then over- exposed to the electron-beam; a process to make a 

lapped with the electron-beam exposure pattem and local electron4>eam e9q306ure of sakJ resist to form on 

exposed by the Deep UV light, the resist being removed ss sakJ resist a pattem tyy reciprocally disposing in parallel 

firom the regfon other than the active layer region and on the predetemvned position of said resist the prede- 

the acflacent thereta Speciffcally, desafoed below is a termined length of the first straight patterning lines and 

method for manufacturing a diffraction gating to the second straight patterning lines each of virfifoh is 
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shorter than each of the first straight patterning lines conductor sii)6trata 
after the center of both first straight patterning lines and poiS] In addition to the foregoing melhod. 
second straight patterning lines is aligned; a process to described below is a method for manufacturing a diffrac- 
develop said resist so that said resist may be left on a tion grating using a positive resist comprising a process 
diffraction grating forming region only and removed from 5 to coat on an entire surface of a semiconductor sub- 
any region other than the diffraction grating forming strate a positive resist to be exposed to both electron- 
region; and a process to etch said semiconductor sub- beam and Deep UV Gght; a process to make a local 
strate using said developed resist as an etching mask electron-beam exposure of said resist to form on the 
and to locally form a diffraction grating on the predeter- predetermined positfon of said resist a pattern compris- 
mined position of said semiconduclor substrata 70 inganwT±)erof the predetermined length of the straight 
[0015] In adcStion to the foregoing, described befow patterning lines whk^ are recfxrocally disposed in par- 
is a method for manufacturing a diffractton grating using allel wherein the adjacent both ends of one or a plurality 
a negative resist comprising a process to coat on an of said straight patterning fines are double-exposed 
entire surface of a semiconductor substrate a negative every other lines; a process to expose with Deep UV 
resist to be exposed to the electron-beam; a process to is light the region other than the electron-beam exposing 
make a focal electron-beam exposure of saki resist to regkxi so that the interface between the Deep UV 
form on saki resist a pattern by reciprocally disposing in exposing re^on and non-Deep U V exposing regfon may 
parallel on the predetermined position of saki resist a be straight line; a process to devefop saki resist so that 
nunfoer of the predetermined lengtti of the first straight saki resist may be left on a diffraction gating forming 
patterning lines and by disposing one or a plurality of 20 regfon only and removed from any regfon other than the 
the second straig^ patterning lines at several cyde diffraction grating forming regfon; and a process to etch 
intervals per saki first straight patterning lines after saki semkx)nductor substrate using saki devefoped 
aligning the ceriter of both first straight patterning lines resist as an etchfog mask wherein a diffraction grating is 
and second straight patterning lines each of wNch is locally formed on the predetemriined position of saki 
shorter than each of the first straight patterning lines; a 25 semiconductor substrata 

process to develop saki resist so that saki resist may be 0)019] Furthennore. the fdfowlng is another 
left only on a diffraction grating forming region and method for manufacturing a diffraction grating using a 
removed from any regfon other than the diffraction grat- positive resist comprising a process to coat on an entire 
ingformfog region; and a process to etch saki semfoon- surface of a senvconductorsitelrate a positive resist to 
ductor sut>strate using saki devefoped resist as an 50 t>e exposed to kx)thelectron-t>eam and Deep UV light; a 
etching mask and to locally fonn a diffraction grating on process to make a focal electron-t>eam exposure of saki 
the predetemfiined position of saki semiconductor sut>- resist to form on the predetermined position of saki 
strate. resist a pattem comprising a number of the predeter- 
[0016] in this process, a chemically-anrplifiednega- mined length of the straight patterning lines whfoh are 
tive resist with the exceOent sensitivity and resolution is 3S redprocaily deposed in parallel wherein the adjacent 
suitable for forming a f one pattem. both ends of one or a plurality of saki straight patterning 
[0017] The fblkswing is the description with respect lines are double-exposed at several cyde intervals per 
to an additional method for manufacturing a diffraction saki straight patterning lines; a process to expose with 
grating using a positive resist comprising a process to Deep UV ligtit the regfon other than the electrorvbeam 
coat on an entire suriace of a senrwxHiductor substrate 40 exposing regfon so that ttie interface between the Deep 
a positive resist to be exposed to botti electron-beam UV exposing regfon and norvDeep UV exposing regfon 
and Deep UV fight; a process to make a local electron- may be straight line; a process to devefop saki resist so 
beam exposure of saki resist to fbnn on the predeter- that saki resist may be left on a diffraction grating form- 
mined position of saki resist a pattern comprising a ingre^only and removed from any regfon ottier than 
number of the predetermined length of the strai^ pat- 4S the dHfraction grating forming regfon; and a process to 
taming lines whfoh are reciprocally disposed In parallel etch saki semfoonductor substrate using saki devel- 
and the adjacent both ends of which are double- oped resist as an etching mask wherein a diffraction 
exposed; a process to expose with Deep UV light the grating is focally formed on the predetermined position 
region other than the electron-beam exposing region so of saki semiconductor substrata 
that the Interiace between the Deep UV exposing region so [0020] A method for manufactoring a semiconduc- 
and non-Deep UVeDcposing regfon may be in the fbrm of tor laser of the present invention comprises focallyfonm- 
a straic^Tt fine; a process to devefop saki resist so that ing a cfiffraction grating on the predetermined regfon of 
saki resist may be left on a diffraction grating forming a senrikx>nductor substrate and faminating and mowing 
region only and removed from any regfon other than the a semkx)nductornwltaayer structure ihduding an m:tive 
diffraction grating fornrung region; and a process to etch ss 1^ on saki semiconductor substrate wherein each of 
saki semfoonductor substrate using saki devefoped saki methods of manufactoring a diffraction grating is 
resist as an etching mask and to focally form a diffrac- adopted in the process of manufacturing saki diffraction 
tion grating on the predetermined position of saki semi- grating. 
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[0021] The descr^on abcve is directed to the 
method for manufacturing a semiconductor laser of the 
present invention. According to a method for manufac- 
turing a semiconductor laser of the present invention, it 
is poss3)le to provide the same optical output character- 5 
istics and reliability as those of a DFB-LD with a semi- 
conductor layer on a semiconductDr siisstrate on the 
entire surface of which a diffraction grating is formed. 
Furthermore, each form of the diffraction grating formed 
t>y the interference exposure is randomly fluctuated and 10 
thus, there causes waveguide li^ loss in the DFB-LD 
with a diffraction grating formed the Interference 
exposura However, an electron beam exposure method 
according to the present invention eliniinates said prob- 
lem and provides a high yield arvf low cost DFB-LD. is 
[0022] During the process of forming a diffraction 
grating for a DFB-LD of the present invention, a 6tr9>e 
resist is locally formed on a diffraction grating fonning 
regon of a substrate so that an area covered by the 
resist may gradually be reduced from the resist existing 20 
region to the non-existing region and thus, the area cov- 
ered tiy the resist m^ gradually and uniformly t>e 
changed. Aoooidingly, the average height of the semi- 
conductor substrate resulted from fbrming a diffraction 
grating via a wet etching method is not discontinuously 2s 
changed t)ut gadually cfianged in a diffraction grating 
forming region and non^iffraction gratnig. This results 
in providing a semiconductor layer formed on tfie Ef- 
fraction gp-ating which has same high quality as tfiat of a 
senrMconductor layer formed on a planar sut>strate. It is. 30 
therefore, poss93le to provide the excellent optical out- 
put characteristics and high reliat>ility DFB-LD. In addi- 
tion, there causes waveguide light loss in the DFB-LD 
according to a method for forming a dtffraction grating 
via the interference exposire since the form of the dif- 3s 
fraction grating is raridon^y fluctuated. However, an 
electron beam exposure method according to the 
present invention eliminates said problem and provides 
a high yield and low cost DFB-LDi 

40 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0023] 

Fig. 1 shows an exposure pattern formed during the 4S 

process of forming a diffraction grating in a method 

for manufacturing a conventional distn'buted feed- 

t>ack semiconductor laser. 

Fig. 2 shows a magnified exposure pattern formed 

during the process of fonning the diffraction ^^ng so 

in the mettiod for manufacturing the conventional 

distributed feedback semiconductor laser. 

Fig. 3 shows a section of a semiconductor layer 

which is multil^er-laminated by the method for 

manufacturing the conventional distributed feed- 55 

back senvconductor laser. 

Fig. 4 is a graph showing the evaluation results on 

the pfYoto-luminescence of a semiconductor layer 




formed by ttie method for manufacturing the con- 
ventional distributed feedback semiconductor laser. 
Rg. 5A to Rg. 5E are sectional illustrations showing 
in the order of a process a method for fbrming a dif- 
fraction grating in a first embodiment of the present 
invention. 

Fig. 6 shows an exposure pattern in a method for 
fbrming a diffraction grating in a first embodiment of 
the present invention. 

Fig. 7 is an oblique illustration showing a diffraction 
grating formed during the process of forming a dif- 
fraction grating In a first embodiment of tiie present 
invention. 

Rg. 8 is a sectional illustration sfKWving a semicorv 
ductor layer formed on a sitetrate during the proc- 
ess of a MO-VPE in a first embodiment of tiie 
present inventioa 

Rg. 9 is a sectional illustration showing a DFB-LD 
manufactured by a manufacturing method in a first 
emtxxfiment of the present inventioa 
Rg. 10 is a graph sfiowing the mluation results on 
a photo^uminescence of a senuconductor layer 
formed by a mettxxi for manu^cturing a d'lstrbuted 
feecback semiconductor laser of the present inven- 
tion. 

Rg. 11 shows an exposure pattern formed during 
fhB process of manufacturing a diffraclx)n grating in* 
a second erhbodiment of tiie present invention. 
Rg. 12 shows an EB escposure pattern formed dur- 
ing the process of fbrming a diffraction grating fn a 
third errtxxiiment of the present invention. 
Rg. 13 shows an EB exposure pattern formed dur- 
ing the process of fbrming a diffraction gating in a 
third embodiment of the present invention. 
Rg. 14 shows an EB exposure pattern formed dur- 
ing the process of fbrming a dififraction gating in a 
third embodiment of the present invention. 
Rg. 15 shows an exposure pattem formed during 
the process of forming a diffraction grating in a 
fourth embodiment of ttie present invention. 
Rg. 16 shows a resist pattern formed t>y developing 
an exposure pattem as shown in Fig. 15. 
Fig. 17 shows a modified example from an expo- 
sure pattem fbrmed during ttie process of forming a 
diffraction grating in a fourth embodiment of the 
present inventioa 

Rg. 18 shows a modified example from an expo- 
sure pattem formed during the process of forming a 
Oif fiactiu n grating in a fbulh embodiment of the 
present inventioa 

Rg. 19 shows a resist pattern fonTiedtiydevek)ping 
an exposure pattem as shown in Fig. 18. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMEffTS 

[0024] The detailed description of the preferred 
embocfinrient of the present invention is provided betow 
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m reference to the accompanying drawings. 
(First embodiment) 

[0025] Rg. 5A-5E shows a process of faming a cfif- 
fraction grating of a distributed feedback semiconductor 
laser in a first embodiment of the present invention. 
Also, Rg. 6 is a plan showing an exposure pattern 
formed during the process of forming the diffraction 
grating of the distr^ed feedback semiconductor laser 
in the first embodiment of the present invention. Since a 
distnbuted feedback laser is generally called DFB-LO 
(Distributed Feedback Laser Diode), this abbreviation is 
used hereinafter t>elow. Fig.7 is an oblique Olustration 
showing an InP-substrate on which a diffraction grating 
is formed by a process of forming the diffraction gating 
in Figures 5A-5E. Rg. 8, a sectional illustration showing 
a nfttjftil^er semioonductor layer laminated on the InP- 
substrate during the subsequent process of growing the 
organometalGc vapor phase epitaxy as shown in Fig- 
ures 5A-5E and Rg. 9, a section vertical to tfie Bght axis 
of DFB-LD manufactured in the first embodiment of the 
present invention. 

[0026] A DFB-LD used in the optical fiber communi- 
cation generates the Gght with the wavelength of about 
1.31 ^m or 1.55pm and the InGaAsP series on the InP- 
substrate ts generally used as a material to generate the 
light According to a metfKxl for manufactoring the DFB- 
LD whk^h is conrvnonly adopted, the first process is to 
form a diffraction grating on a n-lnP-substrate 4 as 
shown in Figures 5A-5E. During the diffraction grating 
forming process, a photoresist 33 (ZEP520-brand 
name-made by Japan Zeon Corporation) to be exposed 
to both el ectron beam and Deep UV light is first coated 
by a spinner on the n-lnP-substrate 4 whose plane ori- 
entation is (100) (F^. 5A). After exposing the resist 33 
with the electron beam 30 (Rg. 5B). ttie exposed resist 
is overlapped witii an end portion of the electron beam 
exposing region and the regfon other than the electron 
beam exposing region is exposed with the Deep UV 
light 31 (Fig. 5C and Rg.6). An electron beam is gener- 
ally called EB (abbreviation of Electron Beam) and this 
ak)breviation is used hereinafter beHoti. The WAVE 
(Weighted-dose Allocation for Variable-pitch EB-Conu- 
gation) technotogy disctosed in the laid-open patent 
portfblfo (Japanese Patent Application Laid Open NO. 
Hei a^7838) used for the electron beam exposura 
According to the WAVE technotogy, a diffraction ^Bting 
Is pattemed by three EB patterning lines each of which 
has the different dose voluma The average diffraction 
grating pitch is achievable with much more precision 
than the electron beam minimum moving distance by 
changing ttie allocation ratio and keeping ttie total dose 
volume of ttiree EB patterning lines. Rg. 6 shows ttiat 
these ttiree EB patterning lines are represented t3y one 
line and designated as one electron beam patterning 
line 1 . When forming a diffraction grating by an interfer- 
ence exposure method, rt is formed on an entire surface 




of the lnP-sut)strate but on an active region 35 only by 
the EB mettiod considering the throughput improve- 
ment However, the length (the patterning wkftti or scan- 
ning one) of ttie electron beam 1 is to be 12^ which is 

5 wider than that of the active region, considering the 
matching displacement with the subsequent process. 
The diffraction grating pitch is 202.5nm at the 1.31)im 
band and 243nm at the 1 .55|im . Each direction off ttie 
electron beam patterning Imes is in ttie direction of 

10 <0-11). 

[0O27] After ttie EB patterning is conducted, the UV 
exposing region 3 Is exposed witti the UV light 31 (Rg. 
50) wittiout developing ttie EB exposed region. Aquarlz 
mask32ft3r the UV exposure is the one whose shielding 

IS portion is in the range of 6^m to S^m in widtti and 
whose contour portion is in the form of a conugation. 
[0O28] After said EB exposure arxJ Deep UV expo- 
sure; ttie exposed regfon of the sitetrate is devefoped 
(Rg. 5D). The re^on on whfoh ttie resist 33 is left after 

20 saki devefopment is the one being ni ttie range of 6|im 
to 8pm in wkfth crossing the regfon 35 to t>e an active 
layer. Using said resist 33 as an etching mask, an InP- 
substrate 4 is wet-etched by a bromine series etchant 
(hydlrobromic add : 3% hydrogen peroxide water : pure 

25 water » 10 : 1 : 100). In said process, ttie etching shape 
of e^ diffractfon grating is in the fbmi of a fontvard 
mesa. Also, ttie wet etching deptti is controlled to be in 
ttie range of 50nm to 60nm at ttie center of ttie diffrac- 
tion grating regfon 5. If said etohing deptti is targeted, 

30 ttie etching deptti at a planar region wittiout diffraction 
gratings becomes shalfow. This is because at the dif- 
fraction grating regfon 5^ ttie etchant consumption vol- 
ume is less tfian at the region without resists and ttie 
etchant density ttius becomes relatively high. The 

35 echant consumption volume at the interface t>etween 
ttie diffraction grating regfon 5 and planar regfon 5a 
wittiout diffraction gratings is gradually fluctuated since 
ttie resist remaining shape is in ttie form of a corruga- 
tion. Thte causes no rapid change at ttie interface por- 

40 tion wrtti respect to ttie etching deptti. Alsoi if ttie 
interlace portion is in the form of a straight line, sakJ por- 
tion is changed to be a reverse mesa section and thus, 
the etching shape t}ecomes steep from ttie crystal 
direction viewpoint Howo^, the etching angle at ttie 

46 interface portion can be foosened by having the etching 
shape cornjgated and making obGque ttie foterface por- 
tion 3a. 

[0O29] After the etching as descrfoed, a diffraction 
grating 6 ts formed on ttie InP-substrate when removing 

so ttie resist 33 ttierefrom (Rg. 5E and Rg. 7). Fig. 7 is an 
oblique iOustration showing the n-lnP substrate 4 on 
whk:h ttie diffraction grating 6 is formed. A diffraction 
grating forming region 5 is formed across an active 
region 35 whk^h is to be formed In the sut>sequent proo- 

55 ess and whKh is fo ttie shape of not having an etching 
stair difference at the interfoce portion. During ttie 
strained MQW crystal ^owtti via ttie subsequent proc- 
ess of the metal organic vapor phase epitaxy (hereinaf- 
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ter referred to as MOVPE), said structure enables the 
crystal surlace to be planar and thus» achieves the inde- 
f ective and high qualrty crystallinlty. 
[0030] After fbrnning the drffraction grating 6 on the 
rvlnP sut>strate 4. a semiconductor layer including an 
active layer is laminated and gfom on the n-lnP suk>- 
strate via the MO-VPE process as shown in Rg. 8. Fig. 
8 is a sectional illustration showing the MO-VPE crystal 
epitaxy layer vertical to a direction (the direction of 
(<01 1 > (See Rg. 3) ) to be the optical waveguide direc- 
tion. During said MO-VPE process, the n-lnP substrate 
4 on which a (Sffraction grating is Ibnned Is heated in ttie 
atmosphere of phosphine (PH3) and asine (AsHs). 
said process* the shape of ttie diffraction grating 6 is 
loosened and ttie height difference t>etween the top 6a 
and tx>ttom 6b of the diffraction grating in the diffraction 
grating forming region 5 is reduced to be 30nm tiy a 
mass transport mettKxJ. After said heating is complete, 
the crystal epitaxy is carried out at 650**C and 76Torr. 
During the crystal epitaxy, an n-lnGaAsP guide layer 8 
with the band gap wavelength of 1.05pm (hereinafter 
refen'ed to as 1.05|im composition) is first grown to be 
90nm in the average thickness. Since there causes no 
specific great stair cfifferenoe at the interface off the dif- 
fraction grating forming region 5. tiie growing surface of 
the rhlnGaAsP guide layer 8 becomes planar during the 
growtti of said layer and thus, a planar epitaxy layer can 
be formed on the sut)6equent n-lnP spacer l^er. On a 
surface of ttie n-lnP spacer layer 9 which has t>een 
grown to be 30nm, laminated in their order are a n- 
InGaAsP SCH 1^ 10 (SCH stands for Separate Con- 
finement Heterostructura) wrtti 1.13 pm composition 
and 40nm in thickness; a f ive-weli-layer strained MQW 
active layer 11; an InGaAsP SCH layer 12 with 1.13pm 
composition and 60nm in thnkness and p-lnP dad 
layer. In the process as descrit)ed etowe, the strained 
MOW active layer 11 is in the form of a strained MQW 
layer formed by reciprocally laminating a InGaAsP k>ar- 
rier layer witti 1 J2\in\ corrposition and lOrun in thickness 
and InGaAsP well layer with ttie compressed distortion 
ratio of 1.25%, 1.47pm composition arid 5nm in thtek- 
ness, and the oscillating wavelength thereof is 1 .55pm. 
If the interface between the n-lnGaAsP guide layer 8 
and n-lnP spacer layer 9 IS not flat there causes crystal 
defects from the strained MQW active layer 11 because 
the distortion stress from the n-lnGaAsP guide layer 8 is 
transfenred to the strained MQW active layer 11. How- 
ever, in the case of an embodiment of the present inven- 
tion, the distortion stress due to the composition 
fluctuation of the n-lnGaAsP guide layer 8 at the inter- 
face of the diffraction grating forming regfon 5 is not 
transferred k>eyond the n-lnP spacer layer 9 since the 
flatness of the n-lnGaAsP guide layer Is ntaintained at 
the early stage of said growtti. It is. therefore, possS)le 
to provide an excellent crystallinity semiconductor layer 
even if said semiconductor layer is epitaxially grown on 
the entire surface of a sut)strate on which a diffraction 
grating is locally formed by the direct EB patterning. 



[P031 ] After tiie semiconductor layer lamination via 
MO-VPE, a resist is coated on a p-lnP clad layer 13 and 
then, a stripe aperture extending to ttie direction of 
<011 > on ttie position of botti skies of the diffraction 

5 gating forming region is formed on a resist via ttie usual 
photoirthograpfiy and wet etcfiing. Using two pieces of 
resist with the stripe aperture as etching masks, a sem- 
iconductor layer exposed to ttie strfpe aperture is wet- 
etched extending from the deptti of the p-lnP dad layer 

10 13 to that of the rvlnP sutTstrate 4 and the stiipe active 
regkm 35 between two channels is thus formed. Then, 
the resists are removed and as shown in Fig. 5, grown 
on botti sides of the stripe active region 35 are a p-lnP 
btock layer 14 witti ttie carrier density of SxlO^^cm"^, a 

IS strpe active region, a p-lnP buried layer 1 6 with ttie car- 
rier density of 8x1 O^^cm"^ on ttie upper portion of ttie n- 
InP block layer 15 and P-lnGaAsP contact layer 17 witti 
the carrier density of IxlO^^cm"^ and band gap wave- 
lengtti of 1.22 pm. After a pnpn tkKM structure is 

20 formed, the earner density of the p-lnGaAsP contact 
layer 17 has t>een established to be 1x10'*^cm~^ via Zn- 
diffusion. Thereafter, fomned on a p-lnGaAsP contact 
layer 17 is a Si02 film 18 witti the stripe aperture 18a of 
10^m in widtti on ttie position corresponding to ttie 

25 Upper portion right on the sbipe active region, and ^ec- 
trodes 19a and 19b are formed on the SiOg film and 
back of the substrate and cleaved into each ch^ A DC- 
PBH (DouiDle Channel Planar Buried Heterostiucture) 
DFB-LD is complete with the final process as descrft)ed 

30 abova Fig. 5 shows that a n-lnP spacer layer 9, a n- 
tnGaAsP SCH layer 1 0, a strained MQW active layer 1 1 
and InGaAsP SCH L^ayer 12 are represented by an 
active waveguide 7. 

[0032] A crystal with no transfer on the entire sur- 

3s face of a senticonductor layer is obtained in the MO- 
VPE process prior to tiie LPE and thus, saki transfer is 
not succeeded in the LPE process, not k>eing deaved 
into ttie pnpn bkxk structure. 
[0O33] Therefore, the DC-PBH-DFB-LD manufac^ 

40 tured according to ttie first embodiment of the present 
invention provMes the tif^ time of more tfian lOO.OOOhr 
required for the optical fiber communk^ation. 
IP034] The nfXKe detailed description on the reason 
for ttie foregotfig is prdvkied t>ek>w referring to F^. 10 

46 and Fig. 4. Fig. 10 shows the evaluation results on ttie 
photo-lumiriescence of a senrwxxiductor layer grown via 
MO-VPE on a substrate forming a Effraction grating 
according to the first emtxxtiment of the present inven- 
tion. Rg. 4 shows the evaluation results on the photo- 

50 luminescence of a senvconductor layer grown via MO- 
VPE on a substrate forming a cfiffraction grating in 
accordance witti the conventional mettxxl. According to 
the present invention, the Interface between the n- 
InGaAsP guide layer 8 and rvlnP spacer layer 9 at the 

56 interface of ttie diffraction grating forming region is fiat 
and ttius. the additional distortion stress Is not applied 
to the strained MQW layer 11. This can provkle the 
strained MQW layer with no crystal defect showing ttiat 
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the half-fulJ width of the photo-luminescence is far nar- 
rower than that of the conventional one. According to 
the conventional method, the crystal-grown surface is 
not flat and the plane direction of the crystal grown sur- 
face is displaced from the (1 00) plana This causes not 5 
only the composition displacement from the n-lnGaAsP 
guide layer 8 but also the unaGgned diffraction grating to 
the InP as well as the distortion stress. It is evident from 
the descr^on above that the half-full width is wide and 
the crystallinity is deteriorated as shown in Rg. 4. w 
[0035] According to the first embodiment of the 
present Invention, the halt-width off the photo-lumines- 
cence is less tfian 40meV which results in providing the 
same crystallinity cpjality as that ot>lained on the flat 
region without diffraction gratings as shown in Fig. 10. is 
Furthermore, the diffraction grating formed via EB &(fxy 
sure is far more uniformly structured than that of the dif- 
fraction grating formed via the interference exposure. If 
a DFB-LD is manufoctured using a substrate on which a 
diffraction grating is fbnned according to the first 20 
embodiment of tfie present invention, there causes no 
waveguide loss due to the fluctuation of the diffraction 
grating shape which results in inrproving the optical out- 
put characteristics. 

[0036] Also, it is possible to not only reduce the 25 
composition fluctuation of the epitaxy layer to such 
extent that the fluctuation of the photo-luminescence 
can be neglected but also prcvide high quality crystallin- 
ity according to the first embodiment of the present 
invention. This facilitates controlling of the strained 30 
MQWI^er. 

[0037] As shown in Rg. 6. ttie interface 3a with the 
Deep UV exposing region 3 is estal}lished to be in the 
form off a zigzag but may be off sine function according 
to the first embodiment of the present invention. Fur- ss 
thernfK>re» in a Deep UV exposure, it Is possitDle to use 
such a mask that the transmittance atQacent to the inter- 
face with the transmitting portion arxJ light shielding por- 
tion Is gradually lowered as said interface is a way from 
the transmitting portioa Also, during the process off 40 
forming a diffraction grating, the Deep UV exposure is 
has been conducted after the EB exposure but the 
Deep UV exposure may be carried out after the EB 
exposure. 

46 

(Second embodiment) 

[0038] Next, provided below is the description with 
respect to a secorxJ emkxxfiment of the present inven- 
tion. According to the first embodiment off the presertt so 
invention, in the form off a zigzag is a contour of the side 
erxj portion of ttie stripe resist (Diffraction grating pat- 
terns are emt>edded thereia) lelt on the diffraction grat- 
ing forming region via Deep UV exposure using a mask 
pattern whose shape is in the form of a zigzag at the ss 
interface with the transmitting portion and light shiekJing 
portion and the resist area becomes gradually 
increased from the resist side end portion to the center 




of the stripe. However, the contour of the side end por- 
tion of tile stripe resist left on the diffraction grating 
fbnming regfon is in the form of a zigzag by changing the 
EB lithography pattern aooorcfing to the second embod- 
iment of the present invention. 
[p039] Ihe EB lithography pattern and Deep UV 
exposure pattern are shown in Rg. 6. TTie second 
errtediment of the present invention is different from 
the first embodiment in the EB lithography pattern and 
Deep UV pattern and the other processes (DFB-LD 
manufacturing processes such as resist coating, EB 
exposure, Deep UV exposure, development, etching, 
MO-VPE and IPE, etc. as shown in Figures 5A-5E. Rg. 
8 and Rg. 9) are the same as those in the first embodi- 
ment Accordingly, described t>ek>w are the EB litiiogra- 
phy pattern and Deep UV exposure pattern which are 
different from those in the first embocfiment. The 
description with respect to the dher processes is thus 
omitted. 

[0040] As shown in Rg. 11, an electron beam 
litfiography line is conprised of an electron beam HthoQ- 
raphy line (0 with the wkfth of 1 2^ which is disposed at 
a predetermined pitch and an electron beam lithography 
line 1 a whk:h is t)uried in every other pitch at both ends 
of the electron beam lithograpfiy line I each erxi wkfth of 
which is 3^m. As shown with oblique lines in Rg. 1 1 , the 
UV exposing region 3 with which the interface 3a is in 
the form of a straight line is outside of the region with ttie 
width of 9|im arxf these patterns are formed using the 
same resist as tfiat in the first embodiment via the same 
processes as those in Figures 5A-5E, i.a resist coating, 
EB exposure and Deep UV exposure (a mask whose 
interface with the transmitting portkxi and light shiekfing 
portkxt is in the form of a straight line). 
[P041] According to ttie exposures (EB exposure 
and Deep UV exposure) of the second emtxxfiment off 
the present invention, the d^etoped resist width is 
repeated in every other wcHh of 6pm and Spm arvi the 
area covered with the resist is step by step changed at 
the portion with the wkfth of 3^m on the adjacent skJe 
end portton of ttie diffraction grating forming regk>n. In 
addition, sakf change is caused by the EB exposure and 
the fine resist area change is achievat}le. It is. therefore, 
not diff kxjit to make the etching stair difference smaller 
than that of ttie first embodiment since the etchant den- 
sity change at time off wet etching is foosened. 
[P042] After the resist is developed, formed in their 
order according to the same manufecturing process as 
ttiat off the first errtxxfiment are a diffraction grating 6. a 
n-lnOaAsP guUe layer 8, a n-lnP spacer layer 9. a n- 
InGaAsP SCH layer 10, a strained MOW active layer 11. 
an InGaAsP SCH layer 12, a p-tnP dad layer 13, two 
channels k>etween whk:h a stripe active regk)n is ds- 
posed. a p-lnP bkx:k layer 14. a n-lnP bkx:k layer 15, a 
p-lnP buried layer 16, a p-tnGaAsP contact layer 17, a 
SiO^ film 18 with a stripe aperture 18a and electrodes 
9a and 19bL Each of sakf electrodes is cleaved into each 
chip. A DC-PBH-DFB-LD with the same semtconductor- 
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laminated structure as that of the first embodiment of 
the present invention is complete with the manufactur- 
ing process as described atxjve. 

(Third embodiment) s 

[0043] Aoconfing to the first and second embodi- 
ments of the present invention, the Deep UV exposure 
is carried out using a positive resist after the EB expo- 
sure but using a negative resist in stead of a positive 10 
one, said resist shape is achieved via ttie EB IHhograptiy 
only without Deep UV escposura That Is, a diffraction 
grating is formed via resist coating {Fig, 5A), EB expo- 
sure (Rg. 5B). development (Fig. 5D) and etching (Rg. 
5E). The EB exposure pattern in the case of said proc- is 
ess should be a pattem obtained by reaprocaOy repeat- 
ing the electron t>eam Bthography Gne 1 with the width of 
6^ and the one with width of 9Mm at predetermined 
pitch so that the width of each resist 1^ after the devel- 
opment thereof may be 6^m and 9^ respectively as 20 
shewn in Rg. 12. Furthermore, it is not directed to 
change every other one out of scanning widttis txjt to 
form an electron beam lithography line I so that the 
scanning width m^ be changed per several cycles as 
shown in Rg. 13 and Rg. 14. 2s 
[0044] The manufacturing process of the DFB-LD 
after a diffraction grating is formed on a substrate is the 
same as tfiat of the first embodiment and thus, the 
desa|}tion thereof is omitted herein. Also^ a sttetrate 
material, a semiconductor composition and DFB-LD 30 
structure are the same as those of the first embodimem 
[0045] A chemically-amplified negative resist may 
be used as a negative resist A negative resist, NEB22 
(Brand name) made tiy Sumitomo Chemical Co,. Ltd. is 
an example of negative resists. The chemically-ampli- as 
f ied negative resist provides not only excellent exposure 
but also the adequate resolution as wen as the excellent 
contact with the InP. The excellent GDcposure is resultant 
from chemically amplifying a negative resist. This ena- 
bles reduction of the EB litfiography time. Alsa it is to be 4o 
the negative resist*s advantage that the Deep U V expo- 
sure can be eliminated despite the need of conducting 
the double exposure via EB exposure and Deep UV in 
the case of using a positive resist 
[0046] When inte^ating a DFB-LD and optical 45 
modulator In the form of a monolithic it is required to 
carry out the patterning so that said resist may be left to 
be a diffraction grating in the DFB-LDP but may not be 
in the modulator. In the case of using a positive resist 
the optical modulator section is required to t>e coated so 
via the EB lithography or exposed via the Deep UV for 
which a lot of time is required, but the use of the nega- 
tive resist noay lead to EB-expose the DFB4J> section 
only which results in reducing the exposure tima 

ss 

(Fourth embodiment) 

[0047] In a fourth embodiment of the present inven- 
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tion, provided below the description with respect to a 
resist so structured that a side portion tf) of the resist for 
each pitch is in the form of a point. UkB ttie second 
emtxxJiment of the present invention, the fourth ennbod- 
iment of the present invention is different from the first 
embodiment in the EB littiography pattem and Deep UV 
pattern and ttie ottier processes (DFB-LD manufactur- 
ing processes such as resist coating. EB exposure. 
Deep UV exposure, development etching. MO-VPE 
and LPE etc. as shewn in Rgures 5A-5E, Fig. 8 and Fig. 
9) are the same as those in ttie first emtxxiiment 
Aooonfingly, described below are ttie EB littiography 
and Deep UV exposure patterns which are different 
from ttiose in ttie first, second and ttiird embodiments. 
The descr^on with respect to the ottier processes is 
thus omitted herein. 

[P048] According to ttie fourth embodiment of ttie 
present invention, after ttie same resist 33 as used in 
the first embodiment of the present invention is coated 
on a (100) plane of n-lnP sut)strate (Rg. 5A). an elec- 
tron beasn littiography line I wHh the widtti of la^m is 
first patterned on ttie resist via EB exposure as shown in 
Rg. 1 5 and only botti end portions of ttie electron beam 
line witti the width of 3 ^m is exposed via the EB to form 
a double-exposed electron beam Prthography line 2 (Rg. 
5B). Next, ttie resist 33 is exposed (Rg. 5C) via the 
Deep UV fight 31 usvig the same masic as used in the 
second embodiment of the present Invention wherein 
the interlace with ttie transmitting and light shielding 
portions is in the form of a straight tine and the widtti of 
the li^ shielding portion is 9 ^m. A diffraction grating Is 
fonned on ttie InP sut)strate after the development (Fig. 
5D) and etching (Rg. 5E) which are the same proc- 
esses as ttiose of ttie first embodiment off ttie present 
invention. According to the exposure of the fourth 
emtxxfiment of the present invention, the resist covering 
tx>tti ends of ttie electron t)eam littiography Gne wHh ttie 
widtti of 3 iim is removed after the development ttiereof 
and a tip 33a of ttie resist 33 left is in ttie form of a point 
as shown in Rg. 16. The tip 33a of ttie resist 33 thus 
becomes easy to be under-etched at time of the wet- 
etching and the etched shape is loosened. This not only 
achieves an object of ttie preset invention txit also can 
align the composition change position slighfly caused 
on a senruconductor layer of ttie substrate in accordance 
witti the fourth emtxxiiment of the present Invention 
since unlike the first embodiment of ttie present inven- 
tion, each tip of ttie resists is aligned (not in the form off 
a zigzag). As a resuK, if ttie composition change posi- 
tion is disposed in a channel (groove) of ttie DC-PBH 
structure, said composition ctiange position is rerrxifved 
at time of forming channela This generates ttie syner- 
getic effect to reduce ttie laser characteristics changing 
factors. 

[0049] After the resist is developed, formed in ttieir 
order according to the same manufacturing processes 
as ttiose of the first errtxxfiment are a diffraction grating 
6, a n-lnGaAsP guide layer 8, a n-lnP spacer layer 9, a 
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rvlnGaAsP SCH layer 10, a strained MQW active layer 
1 1 , an InGaAsP SCH layer 12, a p-lnP dia6 layer 13, two 
channels between which a stripe active region is das- 
posed, a p-lnP block layer 14, a n-lnP block layer 15, a 
p-lnP buried layer 16, a p-lnGaAsP contact layer 17, a 
SiOg film 18 with a stripe aperture 18a and electrodes 
9a and 19b. Each of said electrodes is cleaved into each 
chip. A DC-PBH type DFB-LO with the sanne semioon- 
ductor-laminated structure as that of the first entedi- 
ment of the present invention is complete with the 
manufacturing process as descrik)ed above. 

[0060] A double electron beam filhography line 2 of 
the fourth embodiment of the present invention is 
formed as per each electron beam lithography line, but 
may be formed every second line or every third line or at 
several cyde intervals as shown in Fig. 17 and Fig. 18. 
For example, when fomiing a double electron beam 
litho^aphy line 2 every third line (Fig. 18) or at several 
cyde intervals as shown in Fig. 19 (Fonnatfon of the 
double electron beam litfx>graphy line every third line is 
shown in Rg. 18). it is possible to make a tip of the resist 
33 left after the devefopment thereof to be in the form of 
a point and to have tfie average resist-coated area grad- 
ually changed simultaneously. Also, Fig. 17 and Rg. 18 
respectively shew an example ttiat every electron beam 
IHfiography line 2 is formed at several cyde intervals, 
but several double electron t>eam lithog^phy lines 2 
may be formed in the form of two or three lines at sev- 
eral cyde intervals. 

[0051] In the fffst to the fourth embodiments, the 
Deep UV exposure is earned out after the EB eKposure. 
but the EB exposure may be conducted after the Deep 
UV exposura The descriptfon with respect to tfie pre- 
ferred embodiments of the present Invention is provided 
herein, but it is naturally possible to make various 
design changes within the daims of the present inven- 
tfon not limiting to tfie embodiments thereof. For exam- 
pie, the oombinatton of InGaAs/lnP is adopted with 
respect to the material oonrfoinatfon for an active layer/a 
8ut)6trate, but used are the material combinations such 
as (InGaAsP/QaAs), (InGaAs/GaAs), (InGaP/GaAs), 
(AIGalnP/GaAs), (AlGalnAs/QaAs), (AIGalnM/GaAs), 
(GalnNAs/GaAs), (InGaAs/lnP). (InGaP/lnP). 
(AIGalnP/lnP). (AIGalnAs/lnP), (GalnAsBi/lnP), 
(AKBalnAsBi/lnP), (TllnGaP/lnP) and (TllnAIP/lnP). etc. 
The material combinatfons as described above are 
selected suitable for the DC-PBH stripe structure, but 
may be applied to other stripe structures such as BH, 
BH-BOG. SBH. ridge waveguide structure and ra> 
waveguide one^ etc. A strained MQW structure is used 
for an active layer but a MQW without dislorttons or an 
orcfinary bulk 8emkx>nductor layer may also be used 
theretor. Furihermore, it is possible to make saki mate- 
rial combinatfons available for a DFB-LD array on which 
disposed are a plurality of DFB-LDs and optical inte- 
grated drcuHs on whfoh a DFB-LD, an optfoal mocfola- 
tor, spot size converter and light sensing device, etc. are 
intesprated in the form of a monolithic in additfon to a sin- 
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gle DFB-LD. Atea a current block layer is directed to be 
comprised of p-lnP and n-lnP. but may be comprised of 
a high resistance semiconductor l^er such as Fe 
doped InP. etc. or a semi-insulated semiconductor layer. 

Claims 

1. A method for manufacturing a diffraction grating 
characterized by comprising the steps of: 

coating a resist (33) on an entire surface of a 
semiconductor sut>strate (4); 
maldng electron-beam lithography of a diffrac- 
tion grating pattern conprising straight fine pat- 
terns which are reciprocally disposed in 
paraOel wHh the predetermined posilfon of said 
resist to make a local electron-t)eam exposure 
of said resist; 

developing saki resist so that sakI resist may 
be removed from any region other tfian a dif- 
fractfon grating forming region; and 
etching saki sennconduclor substrate using 
said devefoped resist as an etching mask to 
locally form a diffractfon grating (6) at the pre- 
determined posHfon of saki semiconductor 
sut)strate. 

2. The method for manufacturing a diffractfon grating 
aoconfing to daim 1, characterized in that the 
resist-coated area is gradually reduced as saki 
resist is aw^ from the diffractfon grating forming 
regfon(5). 

3. The metfKxi for manufacturing a diffrEUifon grating 
according to daim 1 , characterized in that a contour 
of the resist skie end portfon 1^ on the diffractfon 
grating forrrang region (5) only is in the form of con- 
cave and convex. 

The method for manufacturing a diffractfon grating 
according to daim 1 , dtaracterized in that a contour 
of the resist skie end portfon left on the diffractfon 
grating forming region (5) only is in the form of a 



so 



The method for manufacturing a cfiffractfon grating 
according to daim 1 , characterized in that a contoiB- 
of the resist skie end portfon left on the diffractfon 
grating forming region (5) only is in the form of sine 
functfon. 

A metfKxi for manufacturing a diffraction grating 
characterized by comprising the steps of: 

coating on an entire surface of a semioorxiuc- 
tor substrate (4) a positive resist to be exposed 
to both dectron-tDeam and Deep UV light; 
making electron-beam lithography of a diffrac- 
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lion grating pattern comprising straight line pat- 
terns which is recf)rocany disposed in parallel 
with the predetermined position off said resist to 
make a local electron-beam exposure of said 
resist: s 
exposing with the Deep UV light any region 
other than the electron-t>eam exposing region 
so that the interface between the Deep UV 
exposing region and non-Deep UV exposing 
region may be in the form of concave and con- io 
vex; 

exposing with Deep UV light any region other 
than ttie electron-beam exposing region so that 
the interface between the Deep UV exposing 
region and non-Deep UV exposing region may is 
be in the form of a strai^it line; 
developing said resist so that said resist may 
t>e left on the diffraction grating forming region 
only and temcNed from any region other than 
tiie cfiffraction grating forming region; and 20 
etching said semiconductor substrate using 
said developed resist as an etching mask to 
locally form a diffraction g-ating (6) at the pre- 
determined position of said semiconductor 
substrate. 2s 



7. The nielhod for inanufacluring a diffraction gating . 
according to daim 6, characterized in tfiat the inter- 
face between the Deep UV exposing region and 
non-Deep UV exposing region is in the form of a so 
zigzag. 

8. The method for manufacturing a diffraction grating 
according to daim 6, characterized in that the inter- 
face between the Deep UV exposing region and 3S 
non-Deep UV exposing regon is in the form of sine 
functioa 

9. A metfiod for manufacturing a diffraction grating 
characterized by comprising the steps of: 40 



the interface between the Deep UV exposing 
region and non-Deep UV exposing region may 
be in the form of a straight line; 
developing said resist so that said resist nr^ay 
t>e left on the diffraction grating fbrrnng region 
only and removed from any region other than 
the diffraction grating forming region; and 
etching said semiconductor sut)strate using 
said developed resist as an etching mask to 
locally fonm a diffraction grating at the predeter- 
mined position of saki semicorxluctor sul^strate 

10. A method for manufacturing a diffraction grating 
characterized t)y comprising the steps of: 

coating on an entire surface of a semiconduc- 
tor sut)strate (4) a negative resist (33) to be 
exposed to the electron-t>eam; 
making a kx;al electron-t)eam exposure of saki 
resist to form on said resist a pattern tiy redp- 
rocally disposing in parallel on the predeter- 
mined position of saki resist the predetermined 
length of the first straight patterning lines and 
the second straight patterning lines each of 
which is shorter ttian each of the first straight 
patterning line after the center of botti first 
straight patterning lines and second straight 
patteming lines is aligned; 
devek)ping saki resist so that sakJ resist may 
t}e left on a diffraction grating forming region (5) 
only and removed from any region other than 
the diffraction grating forming regk)n; and 
etching sakJ semiconductor suk)6trate using 
saki devetoped resist as an etcNng mask to 
locally form a cfiffraction grating (6) on Ihe pre- 
determined position of said semicorxluctor 
sut)strate. 

11. A method lor manufacturing a diffraction grating 
characterized by comprising the steps of: 

coating on an entire surface of a semiconduc- 
tor substrate (4) a negative resist (33) to be 
exposed to the electron-l)eam; 
maWng a kx:al electron-beam exposure of said 
resist to form on saki resist a pattern t^ recip- 
rocally disposing In parallei on the predeter- 
mined position of saki resist a nunt)er of the 
predetermined length off the first straigtit pat- 
teming lines and by disposing one or a plurality 
of the seoorxJ straight patteming tines at sev- 
eral cyde intervals per said first straight pat- 
teming lines after aligning ttie center of both 
first straighft patteming lines and second 
straight patteming lines each of whk^ is 
shorter than each of the f irst straight patteming 
lines; 

devetoping saki resist so ttiat saki resist may 



coating on an entire surface of a semiconduc- 
tor substrate (4) a positive resist (33) to be 
exposed to both electrorvbeam and Deep UV 
li^; 45 
making a local electron-beam exposure of said 
resist to form on said resist a pattern by recf>- 
rocafly disposing in parallel on the predeter- 
mined position of saki resist a number of the 
predetermined length of the first straight pat- so. 
terning lines and the secorxi strai^ patterning 
lines each of whkh is shorter than each of saki 
first straight patteming lines and which are pat- 
terned between saki first straight patterning 
lines and at both ends thereof at several cyde ss 
intervals per said first straight patteming lines; 
exposing with Deep UV light a regon otiier 
tiian the electron-k)eam exposing region so ttiat 
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be left on a diffraction grating forming region 
only and removed from any region other than 
the diffraction grating forming region; and 
etching said semiconductor substrate using 
said developed resist as an etching mask to s 
locally form a diffraction grating on the prede- 
termined position of said semiconductor sub- 
strate. 

12. The method for manufacturing a diffraction grating 10 
according to claim 1 0 or 11 . characterized in that a 
negative resist to be exposed to the electron beam 

is of chemically amplifying negative resist. 

13. A mettiod for manufacturing a diffraction grating is 
characterized by comprising the steps of: 

coating on an entire surface of a semiconduc- 
tor substrate (4) a positive resist (33) to be 
exposed to both electron-beam and Deep UV 20 

light; 

making a local electrorbbeam exposure of said 
resist to form on the predetermined positkm of 
said resist a pattern comprising a number of 
the predetermined length of the straight pat- 2s 
terning lines which are reciprocally disposed in 
parallel and the adjacent both ends of which 
are dout)le-exposed; 

exposing with Deep UV light the region other 
than the electron-beam exposing regk>n so that 30 
the interface between the Deep UV exposing 
region and non-Deep UV exposing region may 
be in the form of a straight line; 
developing said resist so that saki resist may 
be left on a diffractkHi grating forming regkm 35 
only and removed from any re^on other than 
the cfiffractkxi grating forming region; ard 
etching saki senrvconchjctor substrate using 
saxJ developed resist as an etching mask to 
k)cally form a diffraction grating (6) on the pre- 40 
determined positton of sakI 8emkx)nduclor 
substrateL 

14. A method for manufacturing a diffraction grating 
characterized by comprising: 45 

coating on an entire suri^ce of a semkxHKluc- 
tor substrate (4) a positive resist (33) to be 
exposed to both electron-beam and Deep UV 
fight; so 
making a local electron-beam exposure of saki 
resist to form on the predetermined posftk)n of 
sakJ resist a pattern comprising a numlDer of 
the predetermined length of the straight pat- 
terning lines which are reciprocally disposed in 55 
parallel wherein the adjacent both ends off one 
or a plirality of saki straight patterning lines are 
double-exposed every other lines; 



exposing with Deep UV light the region other 
than the electron-t}eam exposing region so that 
the interface between the Deep UV exposing 
region and non-Deep UV exposing region may 
be in the fbnn of a straight One; 
developing said resist so that saki resist may 
be left on a diffractk)n grating forming region 
only and removed from any region other than 
the diffractk)n grating forming region; and 
etching sad semiconductor substrate using 
saki devek)ped resist as an etcNng mask to 
locally form a drffractk)n grating on the prede- 
termined positnn of saki semkX3nductor 8ii>- 
strate. 

15. A metfKxi for manufacturing a diffraction grating 
characterized by comprismg the steps of : 

coating on an entire surface of a semiconduc- 
tor substrate (4) a positive resist (33) to be 
exposed to both electron-beam and Deep UV 
light; 

making a kxal electron-l^eam exposure of saki 
resist to form on the predetemnihed positkm of 
saki resist a pattern comprising a nunri)er of 
the predetermined lerrgth of the straight pat- 
teming lines whk;h are reciprocally disposed in 
parallel wherein the adjacent both ends of one 
or a plurality of the str&jght patterning lines are 
double-exposed at several cyde intervals per 
saki strait patterning lines; 
exposing with Deep UV light the region other 
tfian the electron-k>eam e9f)08ing regkm 80 that 
the interface between the Deep UV exposing 
regkxi and non-Deep UV exposing regkxi may 
be straight; 

developing saki resist so that saki resist may 
t)e left on a diffractkxi grating forming regk)n 
only and renrxived from any regk>n other than 
the diffractkxi grating forming region; and 
etching saki semiconductor substrate using 
saki devek)ped resist as an etching mask to 
locally form a diffraction grating on the prede- 
termined positkxi of saki semkx>nductor sub- 
strate. 

16. A method for manufactiAing a semkx>nductor laser 
characterized by comprising the steps of: 

forming a diffraction grating (6) locally on a pre- 
determined regkm of a senvconductor sub- 
strate (4); and 

laminating and growing a semk»nductor multi- 
layer structure including an active layer (1 1) on 
saki semiconductor sitetrate; 
characterized in that saki process of forming 
the diffractkxi gating comprtees: 
coating a resist (33) on an entire surface of the 
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semiconductor substrate (4); 
making an electron beam lithography of a dif- 
fraction grating pattern comprising straight pat- 
tern lines which are reciprocally disposed in 
parallel with the predetemv'ned position of said s 
resist to make a local electron beam exposure 
of sakJ resist; 

de\felcping said resist so that said resist nr^ay 
be left on a diffraction grating forming region 
only and removed from any re^on other than 10 
the cfiffraction grating forming region; and 
etching said semteonductor substrate using 
said developed resist as an etching mask. 



17. A method for manufacturing a semicorxluctor laser 
characterized by comprising the steps of: 



forming a dfffractk>n grating (6) kx^aUy on a pre- 
determined region of a semioorKluctor sti>- 
strata (4); and 20 
laminating and grmving a semiconductor multi- 
layer structure including an active layer (1 1) on 
said &emkx>nductor sut)strate. 
characterized in tftat said process of forming 
the dffractton grating comprises: 2S 
coating on an entire surfece of the semioon- 
ductor substrate (4) a positive resist (33) to be 
exposed to both electron t>eam and Deep UV 
li£N: 

maJdng an electron beam lithography of a dif- 30 
fractkxi grating pattem comprising straight pat- 
tern lines which are redprocally disposed In 
parallel with the predetermined position of said 
resist on said semkXHiductor sut>strat6 to make 
a kxal electron beam exposure of said resist: ss 
exposing with Deep UV light any regk)n other 
ttian the electrorvteam exposing region so that 
the Interlace between the Deep UV exposing 
region and non-Deep UV exposing regkxi may 
be in the form of concave and convex; 40 
developing sakf resist so that said resist may 
t>e left on a diffractkm grating forming regkm 
only and removed from any regon other than 
the (fiffrBCtk)n grating forming region; and 
etching said semkxxiductor sut)strate using 4S 
said developed resist as an etching mask. 

18. A method for nmnufocturing a senvconduclor laser 
characterized by comprising the steps of; 



forming a diffFactk)n grating (6) k>cany on a pre- 
determined region of a semkxHiductor sub- 
strate (4); and 

laminating and growing a sernkXHiductor multi- 
layer structure including an active layer (1 1) on 
said semicofviuctor sut>strate, 
characterized in that said process of forming 
the cfiffractton grating comprises: 



so 



ss 



IS 



coating on an entire surface of ttie semicon- 
ductor substrate (4) a positive resist (33) to be 
exposed to both electron beam and Deep UV 
light; 

maMng a k)cat electron4)eam exposure of said 
resist to form on said resist a pattem bf recip- 
rocally disposing in parallel on the predeter- 
mined position of said resist a number of the 
predetermined length of the first straight pat- 
terning lines and the second straight patterning 
lines each of whk^h is shorter than each of said 
first straight patterning lines and which are pat- 
terned t>etween said first straight patterning 
lines and at bath ends thereof at several cyde 
intervals per said first straight patterning Knee; 
exposing with Deep UV light any regk>n other 
tfianthe electron-beam esqposing regkm sotfiat 
the interface t>etween the Deep UV exposing 
regk>n arvl non-Deep UV exposing regkxi may 
be in the form of concave and convex; 
devetoping saki resist so that sak) resist may 
be left on a diffraction grating forming region 
only and removed from any regk>n otfier than 
the diffraction grating forming region; and 
etching sakl semiconductor substrate using 
saU devetoped resist as an etching mask. 

19. A metfxxi for manufacturing a semiconductor laser 
cfiaracterized l^y comprising the steps of: 

forming a diffraction grating (6) locally on a pre- 
determined region of a senrticonductor sub- 
strate (4); and 

lantinating and growing a semKonductor multi- 
layer structure ffiduding an active layer on saki 
semiconductor substrate, 
characterized in tfiat sakJ process of forming 
tfie diffraction grating comprises: 
coating on an entire surface of tiie semkx>n- 
ductor sut)strate (4) a negative resist (33) to be 
exposed to the electron beam; 
making a kx»l electron-beam exposure of saU 
resist to form on saki resist a pattem by recip- 
rocally disposing in parallel on the predeter- 
mined position of saki resist the predetermined 
length of the first straight patterning lines and 
tfie second straight patterning lines each of 
which is shorter than each of the first straight 
patterning line after the center of both first 
straight patterning lines and second straigfit 
patterning lines is aligned; 
devek)ping sakJ resist so that saki resist may 
t>e left on a diffraction gating forming regkm 
only and removed from any region other than 
the diffraction grating forming region; and 
etching saki semiconductor substrate using 
saki devetoped resist as an etching mask. 
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20. A method for manufacturing a semiconductor ^ 
characterized by comprising the steps of: 

forming a diffraction grating (6) locally on a pre- 
determined region of a semiconductor sub- s 
strate(4);and 

laminating and growing a semiconductor multi- 
layer structure including an active layer on said 
semiconductor substrate, 

characterized in that said process of fomning w 
the (fiffraction grating comprises: 
coating on an errtire si^face of the semioon- 
ductor substrate (4) a negative resist (33) to be 
exposed to the electron beam; 
making a local electron-beam exposure of said is 
resist to form on said resist a pattern tjy recip- 
rocally disposing in parallel on the predeter- 
mined position of said resist a numt)er of the 
predetermined length of the first straight pat- 
terning lines and by disposing one or plurality 20 
of the second straight patterning lines at sev- 
eral cyde intervals per said first straight pat- 
terning lines after aligning the center of txTth 
f^ straight patterning lines arxi secorxi 
straight patterning lines each of which is 26 
shorter than each of the first straight patterning 
lines; 

developing said resist so tfiat said resist may 
l)e left on a diffraction grating forming region 
only and removed from any regon other tfian ao 
the cfiffraction grating forming region; and 
etching said semiconductor substrate using 
said developed resist as an etching mask. 

21. A method for manufacturing a semicorKluctor laser as 
characterized t>y comprising the steps of; 

forming a diffraction grating (6) locally on a pre- 
determined region of a semiconductor suK>- 
strate (4); and 4o 
laminating and growing a semiconductor multi- 
layer structure including an active layer on said 
semiconductor substrate, 
characterized in tfmt said process for forming 
the diffraction grating comprises ttte steps of: 4S 
coating on an entire surface of the semicon- 
ductor substrate (4) a positive resist (33) to be 
exposed to both electron t>eam arvJ Deep UV 
light; 

making a local electron-t)eam exposure of said so 
resist to form on the predetermined position of 
said resist a pattern comprisirtg a numt>er of 
the predetenmined length of the straight pat- 
terning Gnes which are reciprocally disposed in 
parallel and the adjacent both ends of which ss 
are double-exposed; 

exposing with Deep UV light any region other 
tiian the electron-beam exposing region so that 



the interface between the Deep UV exposing 
region and non-Deep UV exposing region may 
be in the form of a straight line; 
developing said resist so that said resist may 
be left on a diffraction grating forming region 
only and removed from any region other than 
the diffraction grating forming region; and 
etching said semiconductor sut>strate using 
said developed resist as an etching mask. 

22. A method for manufacturing a semiconductor laser 
characterized t)y comprising the steps of; 

forming a diffraction grating (6) locally on a pre- 
determined region of a semiconductor sub- 
strate (4); and 

laminating arKlgnvwing a semiconductor multi- 
layer structure including an active layer on said 
semicorxiuctor 8ut)strate, 
characterized in that said process of forming 
the diffraction grating comprises the steps of: 
coating on an entire surface of the semicon- 
ductor sut>strate (4) a positive resist (33) to be 
exposed to both electron k>eam and Deep UV 
light; 

making a kxal electron-t>eam exposure of said 
resist to fbrm on the predetenmined position of 
said resist a pattern comprising a numt>er of 
tfie predetermined lengtti of the straight pat- 
terning lines wfuch are reciprocally disposed in 
parallel wherein both ends of one or a plurality 
of tt)e straight patterning lines neaitiy are dou- 
t)le-exposed every other lines; 
exposing with Deep UV light any regk>n other 
than the electron-t)eam exposing regm so ttiat 
the interface t>etween the Deep UV exposing 
regk>n and non-Deep UV exposing re^on may 
be in the fonn of a sfraight tine; 
devetoping said resist so that said resist may 
be left on a diffraction grating forming region 
only and removed frrom any region other than 
the diffraction grating forming region; and 
etcfiing said serraconductor substrate using 
said devetoped resist as an etcfung mask. 

23. A method for manufacturing a semiconductor laser 
characterized by comprisofig the steps of; 

forming a diffraction grating (6) locally on a pre- 
determined regk3n of a semioonduclor siib- 
sfrate (4); and 

laminating and growing a senrvconductor multi- 
layer structure Including an active layer on said 
semiconductor suk>strate, 
characterized in that said process of frxming 
the diffraction grating comprises the steps of : 
coating on an entire suriiace of the semicon- 
ductor subsfrate (4) a positive resist (33) to be 
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exposed to both electron beam and Deep UV 
light; 

making a local electron4>eam exposure of said 
resist to form on the predetermined position of 
isaid resist a pattern comprising a number of s 
the predetermined length of the straight pat- 
terning lines which are reciprocally disposed in 
parallel wherein the adjacent both ends of one 
or a plurality of the straight patterning lines are 
double-exposed at several cyde intervals per 10 
said straight patterning lines ; 
exposing with Deep UV light any region other 
than the electrorvbeam exposing region so that 
the interface between the Deep UV exposing 
region and non-Deep UV exposing region may is 
be in the form of a straight line; 
developing said resist so that said resist may 
t>e left on a diffraction grating forming region 
only and removed from any re^on other than 
the Effraction grating fbnn'ng region; and 20 
etching said semiconductor sutsstrate using 
said developed resist as an etching mask. 

24. The method for manufacturing a semiconductor 
laser according to any of claims 16 to 22, character- 2s 
ized in that said laminating and growing the semi- 
conductor multilayer structure on the substrate 
comprises the steps of; 

fbrrrang a semiconductor multilayer structure 30 
by laminating and growing in their order a guide 
l^er (8), a spacer layer (9). a first SCH layer 
(10). an active layer (1 1). a second SCH layer 
(12) and a dad teyer (13) via an organometaDic 
vapor phase epitaxy method; 3S 
etching said semiconductor multilayer structure 
to form two channels disposed in parallel with 
said semiconductor multilayer structure and to 
form a stripe active region between said chan* 
nels;and 40 
growing a block layer to bkxii the cun-ent in 
said channels and further, to grow a buried 
layer and contact layer on said bkxik layer and 
stripe active region in their order. 

45 

25. The method for mamifacturing a semiconductor 
laser according to dalm 24, characterized in that 
said semiconductor substrate Is made from n-lnP in 
the orientation of (100) plane, a guide layer (8) from 
n-lnOaAsR a spacer layer (9) from n-lnP, a first so 
SCH layer (10) from n-lnGaAsP, an active layer (1 1) 
from a strained multi<|uarTtum well layer, a second 
SCH layer (12) from InGaAsP, a dad layer (13) train 
p-lnP. a btock layer from a laminated structure of p- 
InP and n-biP, a buried layer firom p-lnP and contact 55 
layer from InGaAsP. 
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FIG. 1 

(PRIOR ART) 
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FIG. 2 

(PRIOR ART) 
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FIG. 3 

(PRIOR ART) 
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FIG. 4 

(PRIOR ART) 
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FIG. 11 
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